M odifiable abnormalities of markers of mineral bone disease (MBD) have been consistently associated with adverse clinical outcomes in patients with chronic kidney disease (CKD). [1] [2] [3] Addressing these adverse outcomes has led to recommendations by various global and regional societies to assist physicians in the management of CKD MBD. [4] [5] [6] However, the consequences of these biochemical abnormalities have been shown to differ across different races; therefore, there is a need to establish race-specific target values for these markers of MBD. 7 For example, in the MultiEthnic Study of Atherosclerosis (MESA), which involved 6436 participants, 25-hydroxyvitamin D vitamin D) deficiency was associated with an increased risk of coronary heart disease in white participants, but not in black Americans. 8 A similar trend was found in the National Health and Nutrition Examination Survey, in which low 25 (OH) vitamin D was associated with a higher risk of allcause mortality in whites compared with black participants. 9 Furthermore, fibroblast growth factor (FGF)-23, which is now being considered to be the principal mediator of secondary hyperparathyroidism, was also shown to differ across races. 10, 11 In general, these comparative studies, largely from American populations, reported that compared with whites, blacks had lower levels of 25 (OH) vitamin D and FGF-23, with higher parathyroid hormone (PTH) and alkaline phosphate levels, whereas the results related to phosphate levels were inconsistent. 7, [10] [11] [12] The existence of these differences in a heterogeneous African CKD population is largely unknown. Therefore, the aim of this study was to examine racial differences in the levels of FGF-23 and traditional markers of mineral bone metabolism in a South African CKD population.
MATERIALS AND METHODS
This was a cross-sectional multicenter study in 293 CKD patients from 3 renal units in Johannesburg, South Africa. Enrolled patients were aged 18 years or older, with established CKD. We excluded patients with active malignancy, acute kidney injury, and a history of parathyroidectomy. In addition, we excluded patients of Indian and mixed race origin due to their negligible numbers.
A structured questionnaire was used to obtain the demographic characteristics, blood pressure measurements, comorbid disease, and medication history of the patients as related to CKD-MBD. Determination of race was based on self-report by the participants.
Blood Collection and Preparation
Fasting whole blood samples were collected into plain separator vacutainer tubes (for serum), and ethylenediaminetetraacetic tubes (for plasma). Samples were left to clot, and then centrifuged at 5000 rpm at 4 C for 10 minutes. Both serum and plasma were aliquoted into 1.5-ml microcentrifuge tubes and stored at À80 C. Measurements for FGF-23 and 25-(OH) vitamin D samples were done at the end of the study, whereas other biochemical parameters were measured at collection.
Blood sample collection for patients on hemodialysis was generally collected predialysis at midweek, with the exception of the postdialysis serum urea for kinetic modeling. Blood samples were collected mainly during the summer season.
Laboratory Measurements
Plasma intact PTH was measured by an electrochemiluminescence immunoassay run on a Cobas 6000 auto analyzer (Roche Diagnostics, Mannheim, Germany). This is a 2-step sandwich immunoassay that uses a capture antibody against the N-terminus and a single antibody against different parts of the C-terminus. In this study, an additional third-generation assay was not carried out to allow an assessment of the 1-84-PTH/ intact-PTH ratio.
Plasma intact FGF-23 was measured using an enzyme-linked immunosorbent assay kit from EMD Millipore Corporation (Billerica, Massachusetts); assay lower limit of detection was 3.2 pg/ml.
The intact fibroblast growth factor-23 assay measures only the full-length FGF-23 (w32 kDa), whereas the C-terminal assay measures both intact fibroblast growth factor-23 and C-terminal fragments. Although studies have reported a good correlation between the 2 assays, 13 cardiovascular riskÀrelated thresholds may be more specific to C-terminal fragments.
14 Plasma 25(OH) vitamin D was measured using the high-performance liquid chromatography (HPLC) kit (Recipe, Munich, Germany). HPLC was used to selectively measure 25-(OH) vitamin D2 and 25-(OH) vitamin D3 at a wavelength of 264 nm. The intra-and interassay coefficients of variation were <5%. Our institutional laboratory is a participating member in the vitamin D external quality assurance scheme. In this study, 25-(OH) vitamin D3 was used as a marker of vitamin D status to avoid confounding of the results from exogenous vitamin D supplementation.
Serum calcium, phosphate, and alkaline phosphatase were measured using the ADVIA 1800 centaur auto analyzer (Siemens Diagnostics, Tarrytown, New York).
Creatinine was measured by a modified Jaffe reaction, and the estimated glomerular filtration rate (eGFR) was assessed using the 4 variable Modified Diet Renal Disease equation 15 Other biochemical parameters were determined as part of standard of care using routine laboratory techniques.
Operative Definitions and Laboratory Reference Values
The reference ranges were 2.12 to 2.50 mmol/l for calcium, 0.79 to 1.45 mmol/l for phosphate, 53 to 128 U/ L for total alkaline phosphatase, and 10 to 65 pg/ml for intact PTH; the 25-(OH) vitamin D reference ranges were: <10 ng/ml as severe deficiency; 10 to 29 ng/ml as moderate deficiency; 30 to 100 ng/ml as sufficiency; and >100 ng/ml as toxic.
Based on the preceding reference values and Kidney Disease Improving Global Outcomes recommendations, 5 hyperparathyroidism was defined as PTH >130 pg/ml (2 times the upper limit of normal) and severe hyperparathyroidism as PTH >585 pg/ml (9 times the upper limit of normal).
Hyperphosphatemia and hypocalcemia were defined as serum phosphate >1.45 mmol/l and calcium as <2.12 mmol/l, respectively.
Ethical Approval
All procedures performed in this study were in accordance with the ethical standards of the institutional research committee and with the 1964 Residuals diagnostics were conducted to evaluate the assumptions of using multiple linear regression analysis. On visualization of the plotted residuals against the fitted values for PTH and FGF-23, there was no clear pattern that showed that the assumption of constant variance for SEs was not violated. However, due to some evidence of non-normality, PTH and FGF-23 data were log-transformed.
Multiple linear regression models were used to determine the effect of independent predictors on log transformed PTH and FGF-23.
Logistic regression analysis was used to determine the predictors of severity of hyperparathyroidism. Variables with P < 0.10 on univariable analyses were eligible for inclusion in the multivariable analysis. Spearman correlations were used to determine the correlation between FGF-23, phosphate, PTH, 25-(OH) vitamin D3, and eGFR.
A P value of <0.05 was considered statistically significant at the 95% confidence interval. All analyses were performed using STATA version 12 (StataCorp., College Station, Texas).
RESULTS

Patient Characteristics
The 293 CKD patients included 208 black and 85 white patients with an overall mean age of 51.1 AE 13.6 years. The clinical characteristics of the patients by race are summarized in Table 1 . Blacks were significantly younger, had higher blood pressure, median iPTH, alkaline phosphatase, and a mean 25-(OH) vitamin D 3 level, but they also had lower levels of median FGF-23 and serum phosphate than white patients. Diabetes mellitus was significantly more prevalent in whites. The use of CKD-MBD related medications did not differ by race.
Comparison of Markers of CKD-MBD Between Black and White Patients
Racial variations in the levels of PTH, calcium, phosphate, and 25-(OH) vitamin D3 according to stages of CKD are shown in Table 2 . Median PTH and mean 25-(OH) vitamin D3 levels were significantly higher in blacks than whites in CKD stage 5. Blacks had higher levels of total alkaline phosphatase than those of whites in stage 4 CKD. Median FGF-23 and mean serum phosphate levels increased progressively across stages of CKD and became significantly higher in whites than blacks in CKD stage 5. Table 3 shows comparisons of markers of CKD-MBD between black and white patients with predialysis CKD and end-stage renal disease. In predialysis CKD patients, whites had significantly higher levels of FGF-23 than blacks (55 [range: 31-81] ng/ml vs. 32 [range: ] ng/ml; P ¼ 0.01), and higher levels of calcium (2.33 AE 0.11 vs. 2.24 AE 0.14; P ¼ 0.005). Other parameters were comparable between the 2 groups. In patients with ESRD, levels of FGF-23 and phosphate were Comparisons between blacks and whites in the prevalence of abnormal levels of calcium, PTH, phosphate, and 25-(OH) vitamin D3 across stages of CKD are shown in Figure 1a -d. The proportion of patients with hyperphosphatemia (72.7% vs. 42.9%; P < 0.001) and vitamin D deficiency (76.7% vs. 57.5%; P ¼ 0.01) was higher in whites than blacks in CKD stage 5.
The prevalence of abnormal levels of other markers of CKD-MBD was similar across the study populations.
Associations Between Race, Clinical Characteristics, and Markers of CKD-MBD In line with a previous study, 16 in a multiple regression analysis adjusted for age, diabetes status, GFR, serum calcium, phosphate, and alkaline phosphate levels, black race remained significantly associated with increased log PTH (b ¼ 0.488, P ¼ 0.01) and decreased log FGF-23 (b ¼ À0.636, P ¼ 0.02) ( Table 4) . Similarly, we found a persistent significant association between log FGF-23, calcium, phosphate, and GFR. In unadjusted univariable analysis, white race was significantly associated with decreased 25-(OH) vitamin D3; however, this was attenuated after adjusting for age, diabetes status, calcium, and GFR.
Further exploration of the association between FGF-23 and other markers of CKD-MBD showed that FGF-23 correlated positively with serum phosphate (r ¼ 0.55, P < 0.001) and PTH (r ¼ 0.40, P <0.001), and inversely with eGFR (r ¼ À0.61, P < 0.001); these overall relationships persisted when stratified by race, with interaction P values of <0.001 (Figures 2 and 3) .
Determinants of Secondary Hyperparathyroidism
In logistic regression analysis, the independent predictors of severe hyperparathyroidism were black race (odds ratio: 3.08; 95% confidence interval: 1.51-6.30; P ¼ 0.002) and GFR <15 ml/min (odds ratio 10.07; 95% confidence interval: 4.70-21.56; P < 0.0001; Table 5 ).
DISCUSSION
The racial disparities in markers of CKD-MBD have been documented in CKD populations in previous studies from America and Europe. 16, 17 A few studies from Africa have documented similar findings in healthy populations but not in CKD patients. 18, 19 In this present study, with the exception of 25-(OH) vitamin D3 levels, our findings were consistent with those of previous studies 12, 16 ; we found that PTH and alkaline phosphatase levels were higher in black patients than those in white patients in CKD stage 5 and CKD stage 4, respectively. After adjusting for the inconsistency between the 2 groups with regard to diabetic status and age, black race still remained significantly associated with higher levels of PTH. Although the mechanisms behind these discrepancies 
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remain largely unclear, several reasons proposed by previous studies included racial differences in skeletal responsiveness to PTH levels, racial variations in sensitivity to the phosphaturic effect of PTH and FGF-23, dietary intake of food rich in phosphate, and underlying genetic differences in bone mineral metabolism. 16, 20, 21 An interesting and unexpected finding was the significantly higher levels of 25-(OH) vitamin D3 in CKD stage 5 in blacks compared with whites; this was contrary to most previous studies that reported lower levels of 25-(OH) vitamin D, which was attributed to skin pigmentation. 16 It is anticipated that increased skin pigmentation in blacks will lead to decreased synthesis of 25-(OH) vitamin D from 7-dehydrocholesterol through exposure to sunlight. One of the limitations of our study was the nonavailability of information related to sun exposure, which could have accounted for these differences; it is possible that our black patients with CKD stage 5 spent more time outdoors (outdoor occupations in a sunny climate), which could have led to more sun exposure compared with white patients. However, some studies showed that blacks and whites have equal capacities to synthesize vitamin D postexposure to repeated high doses of ultraviolet B light. 22, 23 Brazerol et al., 23 who compared the skin capacity in blacks and whites exposed to similar doses of ultraviolet B rays (280-315 nm) twice a week for 6 weeks, reported similar response to vitamin D synthesis despite the fact that blacks had lower baseline 25-(OH) vitamin D levels than the white participants. A previous study from South Africa with the aim of assessing vascular calcification in hemodialysis patients found no difference in 25-(OH) vitamin D levels between black and white patients. 24 In addition, the inconsistencies that existed in the relationship between vitamin D levels and clinical outcomes in blacks suggested that the mechanism behind the racial disparities was complex and multifactorial. For example, despite lower levels of 25-(OH) vitamin D demonstrated by some studies, blacks had lower rates of osteoporosis and bone fractures than ageand sex-matched white participants. 25, 26 However, the observed lower rates of osteoporosis in blacks might partly be attributable to differences in bone size and numbers of trabecullae. 27 Furthermore, ethnic variations in the levels of 25-(OH) vitamin D might partially be explained by differences in vitamin DÀbinding proteins genotypes and circulating levels of vitamin DÀbinding protein between black and white populations. 28, 29 For instance, a study involving Healthy Aging in Neighborhoods of Diversity across the life Span (HANDLS) cohort, showed that the T allele at rs 7041 was associated decreased levels of 25-(OH) vitamin D among blacks, and that genetic variants independently accounted for 79.4% of the variations in the levels of vitamin DÀbinding protein. 29 These associations need to be explored in our heterogenous African population.
Studies relating to the prevalence of 25-(OH) vitamin D across stages of CKD revealed conflicting results. Consistent with previous studies, we found no association between vitamin D status and stages of CKD. 12 In contrast to our study, the prevalence of 25-(OH) vitamin D deficiency and/or insufficiency rose slightly across the stages of CKD in the Nephro Test study. 30 However, it is noteworthy that comparisons of vitamin D status across these studies were somewhat hampered by differences in the skin pigmentation of the participants, latitude, cutoff values, and assay methods used among the studies. In addition, it was suggested that vitamin D deficiency was more profound in diabetic patients because of heavy urinary loss of the vitamin DÀbinding protein. 30, 31 Therefore, the higher prevalence of diabetes in our white participants could have accounted for the racial discrepancy in the levels of 25-(OH) vitamin D. This was further supported by the attenuation of the significant association between white race and 25-(OH) vitamin D3 after adjustment for diabetes status in the linear regression model, with 25-(OH) vitamin D3 as the dependent variable.
Consistent with previous studies, phosphate levels increased with worsening of kidney function, and the increase was significantly higher in whites than blacks at CKD stage 5. It was possible that white patients were more likely to consume dairy products, which could have accounted for the higher phosphate levels; this could not to be ascertained in this study because of the nonavailability of dietary history. However, large studies from the United States reported that African Americans had lower consumption of dairy products than whites. 32, 33 However, understanding racial differences in serum phosphate levels is intriguing and other factors besides dietary phosphate need to be considered. For example, contrary to our findings, some studies showed surprisingly increased serum phosphate levels in blacks compared with whites, despite increased levels of PTH, and thus attributed these differences to reduced urinary phosphate 10, 11 In line with these studies, our black patients had lower levels of FGF-23 compared with whites. It was possible that higher phosphate levels in our white participants could have accounted for the differential levels in FGF-23 as a compensatory mechanism. However, this is in contrast to the explanation offered by a previous study, in which the lower levels of FGF-23 in the black participants, despite higher levels of phosphate, were the result of decreased FGF-23 expression. 10 The complexity in racial disparities with phosphate and FGF-23 levels was further compounded by variations in the use of phosphate binders and alfacalcidol. In this study, there were no differences between blacks and whites in the use of calcium carbonate and alfacalcidol.
Consistent with previous studies, 11, 34 FGF-23 correlated positively with phosphate and PTH, and inversely with GFR. The directions of these associations are physiologically plausible, with FGF-23 attempting to mitigate the effect of excess phosphate with worsening renal function. It is also noteworthy that significant positive association with white race persisted after adjusting for other confounding variables. In addition, the significant positive association with white race persisted after adjusting for other confounding variables.
The limitations of our study included the crosssectional study design; therefore, we could not determine the longitudinal changes in markers of CKD-MBD and the seasonal variation in 25 (OH) vitamin D levels. Information relating to ultraviolet B exposure and dietary phosphate were also lacking.
Due to the nonavailability of data on 24-hour urinary protein, we could not adjust for possible racial differences in proteinuria, which is associated with the urinary loss of the vitamin DÀbinding protein.
The strengths of this study lie in the heterogeneous nature of our study population (black and white patients) in an African setting, which allowed comparisons of data not only for black Africans with black Americans, but also between whites in Africa and the United States and Europe.
To our knowledge, few studies have compared FGF-23 levels across races in developed countries, and no such studies have been reported from Africa. Therefore, this is the first study in Africa that has given important insights with regard to the associations among FGF-23, traditional markers of CKD-MBD, and race in an African CKD population. Finally, in this study, high-performance liquid chromatography, which is considered to be the gold standard for vitamin D measurement, 35 was used to specifically measure 25-(OH) vitamin D3 and 25-(OH) vitamin D2. In addition, with the exception of high-performance liquid chromatography, several test methodologies were shown to demonstrate a considerable variation of individual 25-(OH) vitamin D values compared with liquid chromatography-mass spectrometry/mass spectrometryÀdefined target concentrations. 36 
CONCLUSION
There was a racial difference in the markers of CKD-MBD; compared with whites, African blacks had higher levels of PTH, alkaline phosphatase, and lower levels of FGF-23 and serum phosphate. It remains unclear whether the present CKD-MBD management guidelines are appropriate for all races. 
